This study used an active multiple-deviant oddball design to investigate the time-course of normalization processes that help listeners deal with between-speaker variability. Electroencephalograms were recorded while Dutch listeners heard sequences of non-words (standards and occasional deviants). Deviants were [ipapu] [ipapu] in the high F 1 context condition; the reverse was true in the low F 1 context condition. This shows that listeners' perception of vowels differs depending on the speaker's vocal-tract characteristics, as revealed in the speech surrounding those vowels. Cortical electrophysiological responses reflected this normalization process as early as about 120 ms after vowel onset, which suggests that shifts in perception precede influences due to conscious biases or decision strategies. Listeners' abilities to normalize for speaker-vocal-tract properties are for an important part the result of a process that influences representations of speech sounds early in the speech processing stream.
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Introduction
In everyday life, we listen to the speech of many individuals. The current paper investigates a perceptual compensation process that helps listeners to understand speech sounds spoken by different talkers. Individuals have different vocal-tract characteristics, caused by influences such as talker sex, talker size (or vocal-tract length), speaking style, and dialect. This variance appears to challenge speech comprehension because vocal tracts can differ on the same acoustic dimensions that allow listeners to discriminate between different speech-sound categories. We ask here how early in the speech perception process listener's representations of speech sounds are changed in order to compensate for talkers' vocal-tract characteristics.
Vowels are discriminated mainly on the basis of acoustic properties that are referred to as formants. Formants are bands of increased intensity in the spectral makeup of speech sounds. For example, in English the main difference between the words "bit" and "bet" (phonemically transcribed as /bit/ versus /bt/) lies in * Corresponding author. Tel.: +31 243521334.
E-mail address: m.j.sjerps@gmail.com (M.J. Sjerps). the frequency of the first formant (F 1 ). The average F 1 value for // is around 731 Hz while the average F 1 of /i/ lies around 483 Hz, for vowels recorded from female American English speakers (F 2 value for //: 2058; F 2 of /i/: 2365). For male speakers the average F 1 value for // is around 580 Hz while the average F 1 of /i/ lies around 427 Hz (F 2 value for //: 1799; F 2 of /i/: 2034) (Hillenbrand, Getty, Clark, & Wheeler, 1995) . However, these averages do not tell the complete story. There is a large degree of overlap among different vowel categories (Hillenbrand et al., 1995; Joos, 1948) . Single instances of two different vowels, spoken by two different speakers, can have very similar absolute formant values. This is not restricted to English; Dutch, the target language of the current paper, shows similar overlap in vowel categories (Adank, van Hout, & Smits, 2004; Van Nierop, Pols, & Plomp, 1973) . This is especially the case when comparing speakers of different sex or age. Such variance therefore causes multiple signal-to-category mappings for a single spoken speech sound. In other words, a single sound can often be interpreted as either of two different phonemes, so that listeners may be confused whether the intended word was bit or bet.
It has been argued that listeners compensate for vocal-tract characteristics in a number of different ways (Johnson, 2005; Nearey, 1989 ). An important contribution may be made by a mechanism that compensates for speaker characteristics by taking into
